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3:2 PULLDOWN DETECTION 

BACKGROUND 

Current graphics data processing includes systems and 
methods developed to perform a speci?c operation on graph 
ics data, e.g., linear interpolation, tessellation, rasteriZation, 
texture mapping, depth testing, and the like. Traditionally 
graphics processors include several ?xed function computa 
tion units to do such speci?c operations, and more recently, 
the computation units have a degree of programmability to 
perform user speci?ed operations. 

While computation units included in each graphics proces 
sor can vary, a common element is a sampling unit that pro 
cesses graphics primitives and generates sub-primitive data, 
such as pixels or fragments. Graphics primitives include 
geometry, such as points, lines, triangles, quadrilaterals, 
meshes, and the like. A graphics processor uses a sampling 
unit and computation units to convert graphics primitives into 
sub-primitive data and generate image data. 

Graphics processors use memory to store graphics data and 
program instructions, Where graphics data is any data that is 
input to or output from the computation units Within the 
graphics processor. Graphics memory is any memory used to 
store graphics data or program instructions to be executed by 
the graphics processor. Graphics memory can include por 
tions of system memory, local memory directly coupled to the 
graphics processor, register ?les coupled to the computation 
units Within the graphics processor, and the like. 

The computation units Within some graphics processors 
are coupled to each other to form a graphics pipeline such that 
the output of a ?rst computation unit is coupled to the input of 
a second computation unit to form a node. Computation units 
are coupled in sequence to form additional nodes. Additional 
computational units can be connected betWeen tWo nodes to 
form parallel computational units. Within the graphics pipe 
line processing can proceed simultaneously Within each of 
the computational units. 

Recently, graphics processors can be programmed using 
shader programs and vertex programs, permitting a Wider 
variety of functions to be performed using these program 
mable graphics processors. Consequently functions that tra 
ditionally required dedicated ?xed function hardWare, such as 
video processing functions, canbe performed using program 
mable graphics processors. 

During the transfer of ?lm to video each ?lm frame is 
decomposed into an odd ?eld including odd horizontal scan 
lines from a ?lm frame and an even ?eld including even 
horizontal scan lines from the ?lm frame for display on an 
interlaced display such as an NTSC video display. An odd or 
even ?eld is replicated every other ?lm frame during 3:2 
pulldoWn to compensate for the greater number of frames 
displayed per second during video playback. When ?lm con 
tent is transferred using 3 :2 pulldoWn, information indicating 
3:2 pulldoWn Was used may be encoded With the data. This 
information may be used by later progressive video decoding 
hardWare to remove the replicated odd or even ?elds. 
Removal of the replicated ?elds reduces artifacts resulting 
from displaying temporally asynchronous ?elds synchro 
nously. HoWever, for some content, e. g., “extras” such as cut 
scenes, intervieWs, music videos, and the like, the pulldoWn 
information is not encoded or may not be accurate and visual 
artifacts can be introduced by improperly removing ?elds or 
by not removing replicated ?elds prior to display. 

Accordingly, it is desirable to accurately detect the pres 
ence of 3:2 pulldoWn independent of the pulldoWn encoded 
information and to selectively determine Which ?elds to dis 
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2 
play for each frame of progressive video. Furthermore, When 
possible it is desirable to use a programmable graphics pro 
ces sor, to perform the functions traditionally performed using 
dedicated ?xed function hardWare. 

SUMMARY 

A method for detecting 3:2 pulldoWn in a digital video data 
sequence measures a difference betWeen a subsequent pair of 
digital video data ?elds, to produce a ?eld difference. The 
subsequent pair of digital video data ?elds includes an nth 
digital video data ?eld in the digital video data sequence and 
an (n—2)th digital video data ?eld in the digital video data 
sequence. The ?eld difference is compared to a ?eld match 
threshold value to produce a ?eld match result. 

Another method for detecting 3:2 pulldoWn in a digital 
video data sequence measures a difference betWeen portions 
of subsequent pairs of digital video data ?elds, to produce a 
?eld portion difference. The measurement is repeated to pro 
duce additional ?eld portion differences. 

Another method for detecting pulldoWn in a digital video 
data sequence ?lters a portion of a ?eld of digital video data 
and ?lters a corresponding portion of a subsequent ?eld of 
digital video data. A ?eld portion difference betWeen the 
?ltered portion of the ?eld of digital video data and the ?ltered 
corresponding portion of the subsequent ?eld of digital video 
data is measured to produce a ?eld portion difference. The 
?ltering and measurement is repeated to produce additional 
?eld portion differences. 

Another method for detecting 3:2 pulldoWn in a digital 
video data sequence measures differences betWeen ?ve 
sequential pairs of ?elds of digital video data to produce ?ve 
?eld differences. Each of the ?ve ?eld differences is com 
pared to a ?eld match threshold value to produce a matched 
?eld count and a ?eld compare count. Detection of 3:2 pull 
doWn is indicated When the ?eld compare count is ?ve and the 
matched ?eld count is one. Detection of 3:2 pulldoWn is not 
indicated When the ?eld compare count is ?ve and the 
matched ?eld count is not one. 

Another method for detecting a 3:2 pulldoWn pattern in a 
digital video data sequence measures differences betWeen 
?ve sequential pairs of ?elds of digital video data in the digital 
video data sequence to produce a matched ?eld count and a 
?eld compare count. A pulldoWn match count is updated 
When the ?eld compare count is ?ve and the matched ?eld 
count is one. A pulldoWn non-match count is updated When 
the ?eld compare count is ?ve and the matched ?eld count is 
not one. The pulldoWn match count is compared to a matched 
?eld count threshold value and the pulldoWn non-match count 
is compared to a non-matched ?eld count threshold value to 
produce a pulldoWn result. 
A method for using look ahead to detect 3:2 pulldoWn in a 

digital video data sequence to reduce visual artifacts during 
display stores ?ve sequential pairs of ?elds of digital video 
data in the digital video data sequence in a graphics memory 
as texture map data. The ?ve sequential pairs of ?elds of 
digital video data in the digital video data sequence are read 
from the graphics memory. Differences betWeen the ?ve 
sequential pairs of ?elds of digital video data in the digital 
video data sequence are measured to produce a pulldoWn 
result. The ?ve sequential pairs of ?elds of digital video data 
in the digital video data sequence are selectively displayed at 
least partially responsive to the pulldoWn result. 
A graphical user interface for 3:2 pulldoWn detection 

includes a graphical element for a user to select, enter or 
adjust a match ?eld threshold value for use by a program 



US 7,800,699 B2 
3 

mable graphics processor con?gured to perform 3:2 pull 
doWn detection in a digital video data sequence. 
A graphical user interface for 3:2 pulldoWn detection 

includes a graphical element for a user to select, enter or 
adjust a matched ?eld count threshold value for use by a 
programmable graphics processor con?gured to perform 3:2 
pulldoWn detection in a digital video data sequence. 
A graphical user interface for 3:2 pulldoWn detection 

includes a graphical element for a user to select, enter or 
adjust a non-matched ?eld count threshold value for use by a 
programmable graphics processor con?gured to perform 3:2 
pulldoWn detection in a digital video data sequence. 
An application programming interface for a programmable 

graphics processor includes a function call to con?gure the 
programmable graphics processor to use at least one thresh 
old value for detecting 3:2 pulldoWn in a digital video data 
sequence. 
A programmable graphics processor con?gured to detect 

3:2 pulldoWn in a sequence of digital video ?elds includes a 
read interface con?gured to read the sequence of digital video 
?elds from a graphics memory and a fragment shader con?g 
ured to detect 3:2 pulldoWn in the sequence of digital video 
?elds under control of shader program instructions. 
A computing system includes a host processor, a host 

memory, the host memory storing programs for the host pro 
ces sor, a system interface con?gured to interface With the host 
processor, a video unit con?gured to provide digital video 
data to the system interface and a programmable graphics 
processor. The programmable graphics processor includes a 
read interface con?gured to read the digital video data from a 
graphics memory and a fragment shader con?gured to detect 
3 :2 pulldoWn in the digital video data under control of shader 
program instructions. 

Another computing system includes a host processor, a 
host memory, the host memory storing programs for the host 
processor, a system interface con?gured to interface With the 
host processor and a programmable graphics processor. The 
programmable graphics processor includes a video unit con 
?gured to provide digital video data to a fragment shader. The 
fragment shader is con?gured to detect 3:2 pulldoWn in the 
digital video data under control of shader program instruc 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Accompanying draWing(s) shoW exemplary 
embodiment(s) in accordance With one or more aspects of the 
present invention; hoWever, the accompanying draWing(s) 
should not be taken to limit the present invention to the 
embodiment(s) shoWn, but are for explanation and under 
standing only. 

FIG. 1 is a conceptual diagram of ?lm to video ?eld con 
version, video ?eld to interlaced video conversion and video 
?eld to progressive video conversion. 

FIG. 2A is a block diagram of an exemplary embodiment of 
a respective computer system in accordance With one or more 
aspects of the present invention. 

FIGS. 2B and 2C are block diagrams of an exemplary 
embodiment of a respective Fragment Shader in accordance 
With one or more aspects of the present invention. 

FIGS. 3A, 3B, 3C, 3D and 3E are How diagrams of an 
exemplary embodiment of 3:2 pulldoWn detection in accor 
dance With one or more aspects of the present invention. 

FIGS. 4A, 4B and 4C are How diagrams of exemplary 
embodiments of ?eld difference determination in accordance 
With one or more aspects of the present invention. 
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4 
FIG. 5 is a How diagram of an exemplary embodiment of 

using ?eld equivalence information to sWitch into or out of 
?lm mode in accordance With one or more aspects of the 
present invention. 

FIG. 6 is an exemplary graphical user interface in accor 
dance With one or more aspects of the present invention. 

FIG. 7 is a How diagram of an exemplary embodiment of 
using early detection of 3:2 pulldoWn to selectively discard 
video ?elds in accordance With one or more aspects of the 
present invention. 

DETAILED DESCRIPTION 

In the folloWing description, numerous speci?c details are 
set forth to provide a more thorough understanding of the 
present invention. HoWever, it Will be apparent to one of skill 
in the art that the present invention may be practiced Without 
one or more of these speci?c details. In other instances, Well 
knoWn features have not been described in order to avoid 
obscuring the present invention. 

FIG. 1 is a conceptual diagram displaying the process of 
transferring ?lm frames to video frames for non-interlaced, 
i.e., progressive, display. A Portion of Film Sequence 150 
includes a Frame 100, a Frame 110, a Frame 120 and a Frame 
130, each composed of tWo ?elds. An odd ?eld includes the 
odd horiZontal scan lines and an even ?eld includes the even 
horiZontal scan lines. A Portion of PulldoWn Sequence 160 
includes the ?elds generated during 3:2 pulldoWn of Portion 
ofFilm Sequence 150. A Field 102 is the even ?eld ofFrame 
100 and a Field 103 is the odd ?eld ofFrame 100. During 3:2 
pulldoWn Field 102 is duplicated, so it precedes and folloWs 
Field 103 in Portion of PulldoWn Sequence 160. 

Likewise, a Field 113 is the odd ?eld of Frame 110 and a 
Field 112 is the even ?eld ofFrame 110.A Field 123 is the odd 
?eld of Frame 120 and a Field 122 is the even ?eld of Frame 
120. During 3:2 pulldoWn Field 123 is duplicated, so it pre 
cedes and folloWs Field 122 in Portion of PulldoWn Sequence 
160. A pattern in Portion of PulldoWn Sequence 160 started 
With Frame 102 is completed With the even ?eld of Frame 
130, a Field 132 and the odd ?eld ofFrame 130, a Field 133. 
A Portion of Film Content Sequence 170 is constructed 

using Portion of PulldoWn Sequence 160. Fields 102 and 103 
are displayed as a Frame 105. Fields 102 and 113 are dis 
played as a Frame 107. Fields 112 and 123 are displayed as a 
Frame 117. Fields 122 and 123 are displayed as a Frame 125. 
Fields 132 and 133 are displayed as a Frame 135. When ?elds 
from different frames in Portion of Film Sequence 150 are 
displayed in a frame in Portion of Film Content Sequence 170 
visual artifacts can be introduced. For example, Frame 107 is 
displayedusing even Field 102 from Frame 100 and odd Field 
113 from Frame 110. Fields 102 and 113 Were not acquired 
synchronously and spacial visual artifacts such as combing, 
feathering, smearing, and the like can be introduced for por 
tions of Frame 100 that differ from portions of Frame 110. 
A Portion of Film Content Sequence 180 is also con 

structed using Portion of PulldoWn Sequence 160. Unlike 
Portion of Film Content Sequence 180, Portion of Film Con 
tent Sequence 180 only includes frames displayed using 
?elds captured synchronously. Fields 102 and 103 are dis 
played as a Frame 104 and the duplicated Field 102 is dis 
carded. The construction of Non-Interlaced Video Sequence 
180 is more complex than the construction of Portion of Film 
Content Sequence 180 because ?elds in Portion of PulldoWn 
Sequence 160 are selectively discarded. Fields 112 and 113 
are displayed as a Frame 114. Fields 122 and 123 are dis 
played as a Frame 124 and the duplicated Field 123 is dis 
carded. To achieve a desired number of frames per second, 
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constructed Frames 104, 114, 124 and others are replicated 
during the construction of Non-Interlaced Video Sequence 
180. A programmable graphics processor can be used to 
construct Non-Interlaced Video Sequence 180, as described 
further herein. 

FIG. 2A is a block diagram of an exemplary embodiment of 
a Computing System generally designated 200 and including 
a Host Computer 210 and a Graphics Subsystem 207. Com 
puting System 200 may be a desktop computer, server, laptop 
computer, palm-siZed computer, tablet computer, game con 
sole, cellular telephone, computer based simulator, or the 
like. Host computer 210 includes Host Processor 214 that 
may include a system memory controller to interface directly 
to Host Memory 212 or may communicate With Host 
Memory 212 through a System Interface 215. System Inter 
face 215 may be an I/O (input/output) interface or a bridge 
device including the system memory controller to interface 
directly to Host Memory 212. Examples of System Interface 
215 knoWn in the art include Intel® Northbridge and Intel® 
Southbridge. A Video Unit 290 Within Host Computer 210 
can receive encoded video data and decode the video data to 
provide a digital video data sequence containing ?elds of 
digital video data to System Interface 215. In an alternate 
embodiment, Video Unit 290 can receive encoded video data 
and provide the encoded video data to Host Processor 214 via 
System Interface 215 for decoding. In a further embodiment, 
Video Unit 290 is included in Graphics Subsystem 207 and is 
coupled to a Fragment Shader 255, to be described further 
herein, through a Memory Controller 220. 

Host computer 210 communicates With Graphics Sub 
system 207 via System Interface 215 and an Interface 217. 
Graphics Subsystem 207 includes a Local Memory 240 and a 
Programmable Graphics Processor 205. In addition to Inter 
face 217, Programmable Graphics Processor 205 includes a 
Graphics Processing Pipeline 203, Memory Controller 220 
and an Output Controller 280. Data received at Interface 217 
can be passed to a Geometry Processor 230 Within Graphics 
Processing Pipeline 203 or Written to Local Memory 240 
through Memory Controller 220. In addition to communicat 
ing With Local Memory 240 and Interface 217, Memory 
Controller 220 also communicates With Graphics Processing 
Pipeline 203 and Output Controller 280 through read and 
Write interfaces in Graphics Processing Pipeline 203 and a 
read interface in Output Controller 280. The read and Write 
interfaces generate address and control signals to Memory 
Controller 220. 

Within Graphics Processing Pipeline 203, graphics pro 
cessing units Geometry Processor 230 and a Fragment Pro 
cessing Pipeline 260, each contain at least one programmable 
computation unit (PCU) to perform a variety of computa 
tional functions. Some of these functions are table lookup, 
scalar addition, vector addition, multiplication, division, 
coordinate-system mapping, calculation of vector normals, 
tessellation, calculation of derivatives, interpolation, and the 
like. Geometry Processor 230 and Fragment Processing Pipe 
line 260 are optionally con?gured such that data processing 
operations are performed in multiple passes through Graphics 
Processing Pipeline 203 or in multiple passes through Frag 
ment Processing Pipeline 260. Each pass through Program 
mable Graphics Processor 205, Graphics Processing Pipeline 
203 or Fragment Processing Pipeline 260 concludes With 
optional processing by a Raster Analyzer 265. 

Geometry Processor 230 receives a stream of program 
instructions and data and performs vector ?oating-point 
operations or other processing operations to produce pro 
cessed data. The program instructions and data are stored in 
graphics memory, e.g., portions of Host Memory 212, Local 
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6 
Memory 240 or storage resources Within Programmable 
Graphics Processor 205. Storage resources can include reg 
ister ?les, caches, FIFOs (?rst in ?rst out), and the like. When 
a portion of Host Memory 212 is used to store program 
instructions and data the portion of Host Memory 212 can be 
uncached so as to increase performance of access by Pro 
grammable Graphics Processor 205. The processed data is 
passed from Geometry Processor 230 to a RasteriZer 250. In 
a typical embodiment RasteriZer 250 performs scan conver 
sion and outputs fragment, pixel, or sample data and program 
instructions to Fragment Processing Pipeline 260. Therefore 
Fragment Processing Pipeline 260 is typically programmed 
to operate on fragment, pixel or sample data. For simplicity, 
the remainder of this description Will use the term fragments 
to refer to pixels, samples and fragments. 

Fragment Processing Pipeline 260 is programmed to pro 
cess fragments using shader programs that are sequences of 
program instructions compiled for execution Within Frag 
ment Processing Pipeline 260. Fragment Shader 255, Within 
Fragment Processing Pipeline 160 generates codeWords from 
shader program instructions. Furthermore, Fragment Shader 
255, Within Fragment Processing Pipeline 260, is optionally 
con?gured using shader programs such that data processing 
operations are performed in multiple passes Within Fragment 
Shader 255. Data processed by Fragment Shader 255 is 
passed to Raster AnalyZer 265, Which optionally performs 
near and far plane clipping and raster operations, such as 
stencil, Z test, and the like, and saves the results in graphics 
memory. Raster AnalyZer 265 includes a read interface and a 
Write interface to Memory Controller 220 through Which 
Raster AnalyZer 265 accesses data stored in Local Memory 
240 or Host Memory 212. 
When processing is completed, an Output 285 of Graphics 

Subsystem 207 is providedusing Output Controller 280. Out 
put Controller 280 is optionally con?gured to deliver data to 
a Display Device 295, netWork, electronic control system, 
other Computing System 200, other Graphics Subsystem 
210, recording device, or the like. 

FIG. 2B is a block diagram of an exemplary embodiment of 
Fragment Shader 255. An Instruction Processing Unit (IPU) 
270 receives shader program instructions and generates code 
Words. IPU 270 outputs control signals to a Read Interface 
272, at least one PCU 274 and a Compare Unit 276. Read 
Interface 272 generates address and control signals to 
Memory Controller 220 and receives data from ?elds of digi 
tal video data, i.e., video ?eld data, stored in graphics 
memory, i.e., Local Memory 240 or Host Memory 212. Read 
Interface 272 outputs the video ?eld data to PCU 274. PCU 
274 is con?gured by the control signals to process data 
received from Read Interface 272 or data received from Ras 
teriZer 250 and produce processed data, such as a measured 
difference betWeen tWo samples or tWo ?elds of digital video 
data. The processed data is received by Compare Unit 276 and 
compared to a threshold value to generate a comparison result 
such as a ?eld match result. The processed data and compari 
son result are output by Compare Unit 276 to RasterAnalyZer 
265. Alternatively, operations performed by Compare Unit 
276 are performed by a PCU 274. 

FIG. 2C is a block diagram of an exemplary embodiment of 
Fragment Shader 255 including the elements shoWn in FIG. 
2B. IPU 270 outputs control signals to a Read Interface 272, 
Filter Unit 278 and at least one PCU 274. Read Interface 272 
outputs the video ?eld data to a Filter Unit 278. Filter Unit 278 
?lters the video ?eld data using ?ltering operations and out 
puts ?ltered video ?eld data to PCU 274. Examples of ?lter 
ing operations include bilinear interpolation, computing a 
Weighed sum, and the like. PCU 274 is con?gured by the 
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control signals to process the ?ltered video ?eld data received 
from Filter Unit 278 or data received from RasteriZer 250 and 
produce processed data. Alternatively, operations performed 
by Filter Unit 278 are performed by a PCU 274. The pro 
cessed data is received by Compare Unit 276 and compared to 
a threshold value to generate a comparison result such as a 
?eld match result. The processed data and comparison result 
are output by Compare Unit 276 to Raster AnalyZer 265. 

FIGS. 3A, 3B, 3C and 3D are How diagrams of exemplary 
embodiments of 3:2 pulldoWn detection in accordance With 
one or more aspects of the present invention. A shader pro 
gram is used to con?gure Fragment Shader 255 to detect the 
presence 3:2 pulldoWn in a digital video data sequence, such 
as Portion of PulldoWn Sequence 160. Read Interface 272 
Within Fragment Shader 255 is con?gured by shader program 
instructions to read pairs of ?elds of digital video data from 
graphics memory. The shader program instructions include 
indices used by Fragment Shader 255 to compute physical 
addresses in graphics memory Where digital video data is 
stored. In step 301 Read Interface 272 receives a pair of ?elds 
of digital video data from graphics memory and each pair 
includes a ?rst ?eld of digital video data and a second, i.e. 
subsequent, ?eld of digital video data that are separated 
Within the digital video data sequence by a third ?eld of 
digital video data. Speci?cally, the ?rst ?eld of digital video 
data is an (n—2)th video ?eld in the digital video data 
sequence, the second ?eld of digital video data is an nth video 
?eld in the digital video data sequence, and the third ?eld of 
digital video data is an (n—l)th video ?eld in the digital video 
data sequence. Examples of pairs of ?elds of digital video 
data in Portion of PulldoWn Sequence 160 include Field 102 
and subsequent duplicated Field 102, Field 103 and subse 
quent Field 113 or duplicated Field 102 and subsequent Field 
112. With the exception of the ?rst and last ?elds in a 
sequence of digital video ?elds, each ?eld is included in tWo 
pairs of ?elds. In step 303 PCU 274 is con?gured by shader 
program instructions to measure a ?eld difference betWeen a 
?eld of digital video data and a subsequent ?eld of digital 
video in a pair of ?elds. In step 304 Compare Unit 276 is 
con?gured by shader program instructions to compare the 
?eld difference to a ?eld match threshold value to produce a 
?eld match result. 

The ?eld match result can be used to selectively output the 
sequence of digital video data Without the duplicated ?elds, 
thereby removing the ?elds introduced during 3:2 pulldoWn. 
In FIG. 3B additional steps are included folloWing the steps 
301 and 303 shoWn in FIG. 3A. The additional steps are used 
for outputting the ?elds of digital video data. In step 305 
Compare Unit 276 is con?gured by shader program instruc 
tions to compare the ?eld difference to a ?eldmatch threshold 
value, and, if the ?eld difference does not exceed, i.e., is not 
greater than, the ?eld match threshold value, in step 306 
Programmable Graphics Processor 205 outputs one of the 
?elds of digital video data and the subsequent ?eld of digital 
video data. If in step 305 the ?eld difference exceeds, i.e., is 
greater than, the ?eld match threshold value, in step 306 
Programmable Graphics Processor 205 outputs both the ?eld 
of digital video data and the subsequent ?eld of digital video 
data. Alternatively, Compare Unit 276 is con?gured by shader 
program instructions to compare the ?eld difference to a ?eld 
match threshold value, and, if the ?eld match threshold value 
exceeds, i.e., is greater than, the ?eld difference, Program 
mable Graphics Processor 205 outputs one of the ?eld of 
digital video data and the subsequent ?eld of digital video 
data. Furthermore, If the ?eld match threshold value does not 
exceed, i.e., is not greater than, the ?eld difference, Program 
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8 
mable Graphics Processor 205 outputs the ?eld of digital 
video data and the subsequent ?eld of digital video data. 

FIG. 3C, is a How diagram of another method according to 
present invention that operates on portions of ?elds. In step 
310 of FIG. 3C Read Interface 272 Within Fragment Shader 
255 receives portions of a pair of ?elds of digital video data 
such that eachpair includes a portion of a ?eld of digital video 
data and a corresponding portion of a subsequent ?eld of 
digital video data. In step 312 PCU 274 is con?gured by 
shader program instructions to measure a ?eld portion differ 
ence betWeen the portion of the ?eld of digital video data and 
the corresponding portion of the subsequent ?eld of digital 
video data. In step 313 Fragment Shader 255 determines if 
there are more portions of the pair of ?elds of digital video 
data, and, if so, Fragment Shader 255 repeats steps 310, 312 
and 313 to produce additional ?eld portion differences. If in 
step 313 Fragment Shader 255 determines there are no more 
portions of the pair of ?elds of digital video data, in step 314 
Fragment Shader 255 combines the ?eld portion difference 
and the additional ?eld portion differences to produce a ?eld 
difference. In step 304 Compare Unit 276 is con?gured by 
shader program instructions to compare the ?eld difference to 
a ?eld match threshold value to produce a ?eld match result. 

FIG. 3D includes the steps shoWn in FIG. 3C and adds steps 
including ?ltering operations. In step 310 Read Interface 272 
Within Fragment Shader 255 receives portions of a pair of 
?elds of digital video data such that each pair includes a 
portion of a ?eld of digital video data and a corresponding 
portion of a subsequent ?eld of digital video data. In step 315 
Filter Unit 278 performs at least one ?ltering operation on the 
portion of the ?eld of digital video data to produce a ?ltered 
portion of the ?eld of digital video data. In step 316 Filter Unit 
278 performs at least one ?ltering operation on the corre 
sponding portion of a subsequent ?eld of digital video data 
and a ?ltered corresponding portion of a subsequent ?eld of 
digital video data. In step 317 PCU 274 is con?gured by 
shader program instructions to measure a difference betWeen 
the ?ltered portion of the ?eld of digital video data and the 
?ltered corresponding portion of the subsequent ?eld of digi 
tal video data to produce a ?ltered ?eld portion difference. 
Examples of ?ltering operations include bilinear interpola 
tion, computing a Weighed sum, and the like. 

In step 313 Fragment Shader 255 determines if there are 
more portions of the pair of ?elds of digital video data, and, if 
so, Fragment Shader 255 repeats steps 310, 315,316,317 and 
313 to produce additional ?ltered ?eld portion differences. If 
in step 313 Fragment Shader 255 determines there are no 
more portions of the pair of ?elds of digital video data, in step 
318 Fragment Shader 255 combines the ?ltered ?eld portion 
difference and the additional ?ltered ?eld portion differences 
to produce a ?eld difference. In step 304 Compare Unit 276 is 
con?gured by shader program instructions to compare the 
?eld difference to a ?eld match threshold value to produce a 
?eld match result. 

FIG. 3E is a How diagram of an exemplary embodiment of 
3:2 pulldoWn detection in accordance With one or more 
aspects of the present invention. In step 325 Video Unit 290 
receives a stream of MPEG (moving pictures experts group) 
encoded video ?elds. In step 330 Video Unit 290 Within Host 
Computer 210 decodes the stream of MPEG encoded video 
?elds and outputs ?elds of digital video data to System Inter 
face 215. In step 335 System Interface 215 stores the ?elds of 
digital video data as texture maps in Host Memory 212 or in 
Local Memory 240 via Interface 217 and Memory Controller 
220. Alternatively, in step 330 Video Unit 290 Within Pro 
grammable Graphics Processor 205 decodes the stream of 
MPEG encoded video ?elds and outputs ?elds of digital 
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video data to Memory Controller 220 and in step 335 Memory 
Controller 220 stores the ?elds of digital video data in Local 
Memory 240. In step 340 a ?eld compare count and a matched 
?eld count in Fragment Shader 255 are each initialized to a 
value of Zero. In an alternative embodiment, the ?eld compare 
count is initialiZed to a value of ?ve and a non-matched ?eld 
count is initialiZed to a value of Zero. In step 350 Fragment 
Shader 255 reads a pair of ?elds of video data as texture maps. 
The pair of ?elds of video data are alternating ?elds in a 
sequence, such as Field 103 and Field 113 or Field 102 and 
duplicated Field 102 shoWn in FIG. 1. 

In step 355 Fragment Shader 255 compares the pair of 
?elds of video data and generates a ?eld match result as 
described further herein. In step 355 Fragment Shader 255 
also updates the ?eld compare count by incrementing the ?eld 
compare count. In the alternative embodiment, the ?eld com 
pare count is decremented. In step 360 Fragment Shader 255 
uses the ?eld match result to determine if the pair of ?elds of 
video data match, and, if so, in step 365 the matched ?eld 
count is updated by incrementing the matched ?eld count. In 
the alternative embodiment, the non-matched ?eld count is 
updated by incrementing the non-matched ?eld count. If in 
step 360 Fragment Shader 255 determines the pair of ?elds of 
video data do not match Fragment Shader 255 proceeds to 
step 370. In step 370 Fragment Shader 255 determines if ?ve 
?eld comparisons have been completed, e. g., the value of the 
?eld compare count is equal to ?ve, and, if not, Fragment 
Shader 255 repeats steps 350, 355, 360 and 370 and option 
ally repeats step 365 until Fragment Shader 255 determines 
that ?ve ?eld comparisons have been completed in step 370. 
In the alternative embodiment, in step 370 Fragment Shader 
255 determines that ?ve ?eld comparisons have been com 
pleted When the value of the ?eld compare count is equal to 
Zero. 

For example, a sequence of ?eld match results generated in 
step 355 during processing of Portion of PulldoWn Sequence 
160 shoWn in FIG. 1 is equal for the comparison ofField 102 
and duplicated Field 102, not equal for a comparison of Field 
103 and Field 113, not equal for a comparison of duplicated 
Field 102 and Field 112, not equal for a comparison of Field 
113 and Field 123 and not equal for a comparison ofField 112 
and Field 122. For every ?ve successive ?eld comparisons of 
the ?elds in Portion of PulldoWn Sequence 160 there is one 
matched ?eld due to the use of pulldoWn to generate Portion 
of PulldoWn Sequence 160 from Portion of Film Sequence 
150. 

Continuing in step 370, if Fragment Shader 255 determines 
that ?ve ?eld comparisons have been completed, in step 375 
Fragment Shader 255 determines if there is one matched ?eld 
count, e. g. the matched ?eld count is equal to one. In the 
alternative embodiment Fragment Shader 255 determines 
there is one matched ?eld count When the non-matched ?eld 
count is equal to four. If in step 375 Fragment Shader 255 
determines there is one matched ?eld count, in step 385 
Fragment Shader 255 determines a pulldoWn result, e.g., sets 
a pulldoWn ?ag to a true state, and returns to step 340. If in 
step 375 Fragment Shader 255 determines there is not one 
matched ?eld count, in step 380 Fragment Shader 255 deter 
mines a pulldoWn result, e. g., sets the pulldoWn ?ag to a false 
state, and returns to step 340. The pulldoWn ?ag can be used 
by Fragment Shader 255 to disable display of duplicated 
?elds, effectively removing the duplicated ?elds. The pull 
doWn ?ag can also be used by Display Device 295 to control 
a display mode. When the pulldoWn ?ag is set to the true state 
video ?elds, excluding any disabled video ?elds, originating 
from ?lm content are displayed using a non-interlaced dis 
play mode. Conversely, When the pulldoWn ?ag is set to the 
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10 
false state video ?elds originating from video content, i.e., 
Without 3:2 pulldoWn, are displayed using an interlaced dis 
play mode. 

FIG. 4A is a How diagram of an exemplary embodiment of 
step 303 and step 304 of FIG. 3A in accordance With one or 
more aspects of the present invention. The ?eld match thresh 
old value is used to determine ?eld equivalence. The mean 
absolute value of differences betWeen each pair of ?elds of 
video data is computed to produce a ?eld difference and the 
?elds of video data are considered equivalent When the ?eld 
difference is less than the ?eld match threshold value. In step 
301 Read Interface 272 Within Fragment Shader 255 receives 
a pair of ?elds of digital video data, including a ?eld of digital 
video data and a subsequent ?eld of digital video data. In step 
402 Fragment Shader 255 determines fragment differences 
betWeen each fragment in the ?eld of digital video data and 
each fragment in the subsequent ?eld of digital video. In one 
embodiment a difference is computed for each component, 
e.g., red (R), green (G) and blue (B), of a fragment to produce 
component differences. The component differences are 
summed produce a fragment difference. In step 403 Fragment 
Shader 255 accumulates the fragment differences to produce 
a sum of differences. In step 404 Fragment Shader 255 com 
putes a mean of the sum of differences to produce a ?eld 
difference. In step 405 Fragment Shader 255 compares the 
?eld difference to a ?eld match threshold value to produce a 
?eld match result. 

FIG. 4B is a How diagram of an exemplary embodiment of 
step 312 and step 314 of FIG. 3C in accordance With one or 
more aspects of the present invention. In step 310 Read Inter 
face 272 Within Fragment Shader 255 receives portions of a 
pair of ?elds of digital video data, including a portion of a 
?eld of digital video data and a corresponding portion of a 
subsequent ?eld of digital video data. In step 413 at least one 
PCU 274 is con?gured by shader program instructions to 
determine differences betWeen fragments in the portion of the 
?eld of digital video data and corresponding fragments in the 
portion of the subsequent ?eld of digital video data to produce 
fragment differences. In step 415 at least one PCU 274 is 
con?gured by shader program instructions to accumulate the 
fragment differences to produce a ?eld portion difference. In 
step 313 Fragment Shader 255 determines if there are more 
portions of the pair of ?elds of digital video data, and, if so, 
Fragment Shader 255 repeats steps 310, 413, 415 and 313 to 
produce additional ?eld portion differences. If in step 313 
Fragment Shader 255 determines there are no more portions 
of the pair of ?elds of digital video data, in step 419 at least 
one PCU 274 is con?gured by shader program instructions to 
combine the ?eld portion difference and the additional ?eld 
portion differences to produce a sum of differences. In step 
421 at least one PCU 274 is con?gured by shader program 
instructions to compute a mean of the sum of differences to 

produce a ?eld difference (“FieldDiff"). In step 423 Compare 
Unit 276 is con?gured by shader program instructions to 
compare the ?eld difference to a ?eld match threshold value 
and if Compare Unit 276 determines FieldDiff is less than the 
?eld match threshold value, in step 430 Fragment Shader 255 
sets a ?eld match result to a true state. If in step 423 Compare 
Unit 276 determines FieldDiff is not less than the ?eld match 
threshold value, in step 425 Fragment Shader 255 sets the 
?eld match result to a false state. 

FIG. 4C is a How diagram of an exemplary embodiment of 
step 350 and step 355 of FIG. 3E including reading fragments 
in each ?eld of digital video data as texels and ?ltering the 
texels prior to producing the ?eld difference in accordance 
With one or more aspects of the present invention. In step 440 
Fragment Shader 255 initialiZes a FieldDiff value stored in 
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Fragment Shader 255 to a value of Zero. In step 445 Fragment 
Shader 255 reads four neighboring texels arranged in a square 
from ?eld 0, Where ?eld 0 is stored as a texture map in 
graphics memory. In step 450 Fragment Shader 255 reads 
four neighboring texels arranged in a square from ?eld 1, 
Where ?eld 1 is stored as a texture map in graphics memory. 
Field 0 and ?eld 1 compose a pair of video ?elds. Field 0 and 
?eld 1 stored as texture maps include color data represented 
as RGB, YUV, YIQ, YCrCb, and the like. TheY component in 
YUV, YIQ andYCrCb representations is luminance and U, V, 
I, Q, Cr and Cb are chrominance components. R, G and B 
components are a combination of luminance and chromi 
nance. 

In step 455 Fragment Shader 255 bilinearly interpolates 
each component, e.g., Y, U, and V, of the four neighboring 
texels read from ?eld 0 to generate an interpolated texel from 
?eld 0. In step 460 Fragment Shader 255 bilinearly interpo 
lates each component of the four neighboring texels read from 
?eld 1 to generate an interpolated texel from ?eld 1. Bilin 
early interpolating the texels Within each ?eld reduces the 
texel data by a factor of four and utiliZes at least one PCU 274 
or Filter Unit 278 that Would otherWise be idle. Consequently, 
the number of absolute differences input to the mean absolute 
difference computation for each pair of ?elds is also reduced 
by a factor of four. 

In step 465 Fragment Shader 255 computes an absolute 
value of a difference betWeen each component of the inter 
polated texel from ?eld 0 and each component of the inter 
polated texel from ?eld 1 to generate an interpolated texel 
difference for each component. In step 470 Fragment Shader 
255 accumulates the interpolated texel difference for each 
component With the FieldDiff. In step 475, Fragment Shader 
255 determines if there are texels in ?eld 1 or ?eld 0 that have 
not been read and bilinearly interpolated, and, if so, steps 445, 
450, 455, 460, 465 470 and 475 are repeated. If in step 475 
Fragment Shader 255 determines that all of the texels, in ?eld 
1 and ?eld 0 have been read and bilinearly interpolated, in 
step 480 Fragment Shader 255 computes a mean of the Field 
Diff. 

In step 423 Fragment Shader 255 determines if FieldDiff is 
less than a ?eld match threshold value, to be further described 
herein. In an alternative embodiment Fragment Shader 255 
determines the ?eld match threshold value is not less than 
than FieldDiff. If in step 423 Fragment Shader 255 deter 
mines FieldDiff is less than the ?eld match threshold value, in 
step 430 Fragment Shader 255 sets a ?eld match result to a 
true state. If in step 423 Fragment Shader 255 determines 
FieldDiff is not less than the ?eld match threshold value, in 
step 425 Fragment Shader 255 sets the ?eld match result to a 
false state. The ?eld match result is used by Fragment Shader 
255 in step 355 of FIG. 3E. 

The ?eld match threshold value can have a default value 
and the ?eld match threshold value can be modi?ed by Writ 
ing a neW value to a ?eld match threshold register in Pro gram 
mable Graphics Processor 205 that is readable by Fragment 
Shader 255. In an alternative embodiment the ?eld match 
threshold value can be selected from a ?xed set of values 
using a program instruction or register Write. Additionally, a 
distribution of the FieldDiff values for a plurality of ?eld 
comparisons can be collected and fuZZy logic can be used to 
dynamically tune the ?eld match threshold value based on the 
distribution. 

FIG. 5 is a How diagram of an exemplary embodiment of 
setting the pulldoWn ?ag to control When to sWitch into or out 
of ?lm mode in accordance With one or more aspects of the 
present invention. In ?lm mode duplicated ?elds introduced 
into ?lm content during 3:2 pulldoWn are removed and 
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12 
remaining ?elds of digital video data are displayed non-in 
terlaced. In non-?lm mode, i.e., video mode, digital video 
?elds are displayed interlaced. When the ?elds of digital 
video data in a sequence change from ?lm content to video 
content it is desirable to quickly sWitch out of ?lm mode and 
into video mode to reduce the occurrence of visual artifacts 
caused by displaying video content non-interlaced. Similarly, 
When the ?elds of digital video data in a sequence change 
from video content to ?lm content it is desirable to sWitch into 
?lm mode from video mode Without displaying video content 
non-interlaced. 
When to sWitch into ?lm mode can be determined by 

counting the number of times pulldoWn is detected for a 
sequence of ?elds of digital video data. Likewise, When to 
sWitch into ?lm mode can be determined by counting the 
number of times pulldoWn is not detected for a sequence of 
?elds of digital video data. For each sequence of ?ve digital 
video ?eld pair comparisons, the number of times pulldoWn is 
detected is counted and the number of times pulldoWn is not 
detected is counted to generate a pulldoWn match count and a 
pulldoWn non-match count respectively. The pulldoWn match 
count is compared to a matched ?eld count threshold value, 
IFMT (into ?lm mode threshold value) to control a transition 
into ?lm mode and the pulldoWn non-match count is com 
pared to a non-matched ?eld count threshold value, OFMT 
(out of ?lm mode threshold value) to control a transition out 
of ?lm mode. 

In step 505 Video Unit 290 receives a stream of MPEG 
encoded digital video ?elds. In step 510 Video Unit 290 
decodes the stream of MPEG encoded digital video ?elds and 
outputs a sequence of digital video ?elds containing ?elds of 
digital video data. In step 515 System Interface 215 stores the 
?elds of digital video data as texture maps in Host Memory 
212 or in Local Memory 240 via Interface 217 and Memory 
Controller 220. In step 520 the ?eld compare count and the 
matched ?eld count in Fragment Shader 255 are each initial 
iZed to a value of Zero. In step 530 Fragment Shader 255 reads 
a pair of ?elds of digital video data as texture maps. 

In step 535 Fragment Shader 255 compares the pair of 
?elds of digital video data and produces the ?eld match result. 
In step 535 Fragment Shader 255 also updates the ?eld com 
pare count by incrementing the ?eld compare count. In step 
540 Fragment Shader 255 uses the ?eld match result to deter 
mine if the pair of ?elds of digital video data match, and, if so, 
in step 545 the matched ?eld count is updated by increment 
ing the matched ?eld count. If in step 540 Fragment Shader 
255 determines the pair of ?elds of digital video data do not 
match Fragment Shader 255 proceeds to step 550. In step 550 
Fragment Shader 255 determines if the value of the ?eld 
compare count is equal to ?ve, and, if not, Fragment Shader 
255 repeats steps 530, 535, 540 and 550 and optionally 
repeats step 545 until the ?eld compare count is equal to ?ve 
in step 550. 

In step 550 if Fragment Shader 255 determines ?ve ?eld 
comparisons have been completed, in step 555 Fragment 
Shader 255 determines if there is one matched ?eld. If in step 
555 Fragment Shader 255 determines there is one matched 
?eld, in step 560 Fragment Shader 255 updates the pulldoWn 
match count by incrementing the pulldoWn match count and 
proceeds to step 570. If in step 555 Fragment Shader 255 
determines there is not one matched ?eld, in step 565 Frag 
ment Shader 255 updates the pulldoWn non-match count by 
incrementing the pulldoWn non-match count and proceeds to 
step 570. In step 570 Fragment Shader 255 determines if the 
pulldoWn match count is greater than the IFMT, and, if so, in 
step 575 Fragment Shader 255 sets the pulldoWn ?ag to a true 
state and proceeds to step 580. If in step 570 Fragment Shader 
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255 determines the matched ?eld count is not greater than the 
IFMT, in step 585 Fragment Shader determines if the pull 
doWn non-match count is greater than the OFMT, and, if not, 
returns to step 520. If in step 585 Fragment Shader determines 
the pulldoWn non-match count is greater than the OFMT, in 
step 590 Fragment Shader 255 sets a pulldoWn ?ag to a false 
state and proceeds to step 580. In step 580 Fragment Shader 
255 initializes the pulldoWn match count and the pulldoWn 
non-match count to Zero and returns to step 520 and the 
process continues. 

The pulldoWn ?ag and the ?eld match result can be used by 
Programmable Graphics Processor 205 to control sWitching 
into ?lm mode by selecting Which ?elds Within the sequence 
of digital video ?elds to output or display, i.e., marking dupli 
cated ?elds such that they are not output or displayed. Digital 
video ?elds that are not output or displayed are effectively 
discarded. Likewise, the pulldoWn ?ag can also be used by 
Programmable Graphics Processor 205 to control sWitching 
out of ?lm mode by selecting all ?elds Within the sequence of 
digital video ?elds for output or display. 

FIG. 6 is an exemplary graphical user interface in accor 
dance With one or more aspects of the present invention. The 
user interface permits a user to set values for the ?eld match 
threshold value, IFMT, and OFMT. A WindoW 600 is dis 
played on the screen desktop of Display Device 295. WindoW 
600 includes a Graphical User Interface 610, a Graphical 
User Interface 630 and a Graphical User Interface 650. 

Graphical User Interface 610 includes options for setting 
the ?eld match threshold value. A user may select one option 
by selecting a radio button 612, a radio button 614 or a radio 
button 616 and the selection is communicated to Fragment 
Shader 255 as described further herein. Selecting radio button 
612 enables Fragment Shader 255 to dynamically tune the 
?eld match threshold value based on a distribution of the 
FieldDiff values for a plurality of ?eld comparisons. In an 
alternative embodiment Selecting radio button 612 enables 
Fragment Shader 255 to detect 3:2 pulldoWn according to a 
user de?ned algorithm included in a shader program. Select 
ing radio button 614 enables the user to specify the ?eld 
match threshold value using a slider bar 615 to select a match 
percent ranging from Zero to one hundred percent match. In 
an alternative embodiment the user selects the match percent 
by entering a value into a data entry ?eld. The match percent 
is converted into the ?eld match threshold value. Selecting 
radio button 616 alloWs the user the select the ?eld match 
threshold value encoded for a studio or other content provider 
using a drop-doWn menu 617. In an alternative embodiment, 
the user selects the ?eld match threshold value encoded for a 
studio or other content provider using a button. 

Graphical User Interface 630 includes options for setting 
the IFMT. The user may select one option by selecting a radio 
button 632, a radio button 634 or a radio button 636. Selecting 
radio button 632 enables Fragment Shader 255 to dynami 
cally tune the IFMT based on a distribution of the pulldoWn 
match counts and pulldoWn non-match counts for a plurality 
of ?eld comparisons. Selecting radio button 614 enables the 
user to specify the IFMT using a slider bar 635 to select the 
IFMT ranging from one to ten or even higher. Selecting radio 
button 636 alloWs the user the select the IFMT value encoded 
for a studio or other content provider using a drop -doWn menu 
637. 

Graphical User Interface 650 includes options for setting 
the OFMT. The user may select one option by selecting a 
radio button 652, a radio button 654 or a radio button 656. 
Selecting radio button 652 enables Fragment Shader 255 to 
dynamically tune the OFMT based on a distribution of pull 
doWn match counts and pulldoWn non-match counts for a 
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plurality of ?eld comparisons. Selecting radio button 654 
enables the user to specify the OFMT using a slider bar 655 to 
select the OFMT ranging from one to ten or even higher. 
Selecting radio button 656 alloWs the user the select the 
OFMT value encoded for a studio or other content provider 
using a drop-doWn menu 657. 
An application programming interface (API) can be used 

by an application to specify the values for the ?eld match 
threshold value, IPHM or OFMT. For example, the API can 
be used to communicate selections entered by the user of 
Graphical User Interface 600 to Fragment Shader 255. The 
API is executed by Host Processor 214 and includes a func 
tion call that is used to Write at least one register in Program 
mable Graphics Processor 205 that is readable by Fragment 
Shader 255. For example, the OFMT value corresponding to 
the studio selection entered by the user of Graphical User 
Interface 600 is Written to an OFMT register in Fragment 
Shader 255 using the function call. The function call includes 
the register address and the value to be stored in the register. 
A device driver executed by Host Processor 214 detects 

that Programmable Fragment Shader 255 supports the ?eld 
match threshold value, IPHM or OFMT and communicates 
that information to the API. A graphics application executed 
by Host Processor 214 can issue the function call to specify 
values stored in the at least one register that is readable by 
Fragment Shader 255. 

FIG. 7 a How diagram of an exemplary embodiment of 
using early detection of 3:2 pulldoWn to selectively discard 
video ?elds in accordance With one or more aspects of the 
present invention. Using a look ahead technique to determine 
When to sWitch into ?lm mode during 3 :2 pulldoWn detection. 
It is possible to detect the presence of 3:2 pulldoWn and only 
display the non-duplicated ?elds by looking ahead by seven 
video ?elds, resulting in a higher quality vieWing experience. 
Without look ahead the duplicated ?elds Will be displayed for 
at least the ?rst seven ?elds. Consequently the transition into 
?lm mode When pulldoWn is detected occurs earlier than 
Without the use of look ahead. Conversely, the transition out 
of ?lm mode When pulldoWn is not detected occurs earlier 
than Without the use of look ahead. The occurrence of visual 
artifacts, e.g., combing, feathering, and the like, caused by 
displaying video content non-interlaced Will be minimiZed. 

In step 705 ?ve pairs of ?elds of digital video data are 
stored in Local Memory 240 as texture maps. In step 710 a 
sequence count is initialiZed. The sequence count can be set to 
IFMT When PulldoWn is false and set to OFMT When Pull 
doWn is true. Alternatively, the sequence count can be set to an 
independent value using a register Write instruction. In step 
720 Fragment Shader 255 reads the ?ve pairs of ?elds of 
digital video data stored as texture maps. For example, refer 
ring to Portion of PulldoWn Sequence 160 in FIG. 1, Frames 
102,103, 102 (duplicated), 113, 112, 123 and 122 are read by 
Fragment Shader 255. In step 730 Fragment Shader 255 
compares the ?ve pairs of video ?elds as described in FIG. 3 
or FIG. 5 and updates, e.g., decrements, the sequence count. 
For example, referring again to Portion of PulldoWn 
Sequence 160 in FIG. 1, Frames 102 and 102 (duplicated) are 
compared, Frames 103 and 113 are compared, Frames 102 
(duplicated) and 112 are compared, Frames 113 and 123 are 
compared and Frames 112 and 122 are compared. The ?eld 
match result for each comparison is used to generate dupli 
cated ?eld information. The duplicated ?eld information is 
saved as state information stored in Fragment Shader 255 or 
in graphics memory. 

In step 740 Fragment Shader 255 determines if the 
sequence has been completed, e.g., the sequence count is 
equal to Zero, and, if so, Fragment Shader 255 determines if 
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the pulldoWn ?ag is set to a true state. If in step 740 Fragment 
Shader 255 determines if the sequence has been completed, 
e.g., the sequence count is not equal to Zero, Fragment Shader 
255 proceeds to step 790. 

If in step 750 Fragment Shader 255 determines the pull 
doWn ?ag is set to a true state, in step 760 Fragment Shader 
255 uses the duplicated ?eld information and updates ?eld 
display state information to disable any ?elds that are dupli 
cates. If in step 750 Fragment Shader 255 determines the 
pulldoWn ?ag is not set to a true state, i.e., the pulldoWn ?ag 
is set to a false state, Fragment Shader 255 proceeds to step 
770. In step 770 the ?eld display state information is passed 
from Fragment Shader 255 to Output Controller 280 via 
RasterAnalyZer 265 and Memory Controller 220 and enabled 
?elds are output for display by Output Controller 280. In step 
780 Fragment Shader 255 initialiZes the sequence count and 
in step 790 Fragment Shader 255 reads the next ?ve video 
?elds, for example, beginning With duplicated Field 123. The 
last tWo of the previously read video ?elds, e.g., Fields 123 
and Field 122 in Portion of PulldoWn Sequence 160 in FIG. 1, 
are also available in Fragment Shader 255 to provide ?ve 
pairs of video ?elds for step 730. In an alternative embodi 
ment the last tWo of the previously read video ?elds are read 
by Fragment Shader 255 in step 790. In one embodiment, the 
sequence count is decremented in step 730 and the display of 
the ?rst video ?eld occurs after the sequence count is decre 
mented to a value of Zero. Therefore the higher the value that 
the sequence count is initialiZed to, the longer the time Will be 
from Programmable Graphics Processor 205 receiving a ?rst 
video ?eld until the ?rst video ?eld is displayed. 

While foregoing is directed to embodiments in accordance 
With one or more aspects of the present invention, other and 
further embodiments of the present invention may be devised 
Without departing from the scope thereof, Which is deter 
mined by the claims that folloW. Claims listing steps do not 
imply any order of the steps unless such order is expressly 
indicated. 

All trademarks are the respective property of their oWners. 
The invention claimed is: 
1. A programmable graphics processor con?gured to detect 

3 :2 pulldoWn in a sequence of digital video ?elds comprising: 
a read interface con?gured to read the sequence of digital 

video ?elds from a graphics memory; and 
a fragment shader con?gured to evaluate a plurality of rates 

of occurrences of matched and non-matched ?elds to 
detect 3:2 pulldoWn in the sequence of digital video 
?elds under control of shader program instructions. 

2. The programmable graphics processor of claim 1, 
Wherein the fragment shader comprises: 

at least one programmable computation unit con?gured to 
measure a difference betWeen a pair of video ?elds 
Within the sequence of digital video ?elds. 

3. The programmable graphics processor of claim 1, 
Wherein the fragment shader is further con?gured to: 

measure differences betWeen ?ve sequential pairs of digi 
tal video ?elds in the sequence of digital video ?elds to 
produce a matched ?eld count and a ?eld compare 

count; 
update a pulldoWn match count When the ?eld compare 

count is ?ve and the matched ?eld count is one; 
update a pulldoWn non-match count When the ?eld com 

pare count is ?ve and the matched ?eld count is not one; 
and 

compare the pulldoWn match count to a matched ?eld 
count threshold value and comparing the pulldoWn non 
match count to a non-matched ?eld count threshold 
value to produce a pulldoWn result. 

16 
4. The programmable graphics processor of claim 3, 

Wherein the fragment shader is further con?gured to: 
initialiZe the matched ?eld count and the ?eld compare 

count; 
5 selectively initialiZe the pulldoWn match count, the pull 

doWn non-match count; and 
repeat the measuring, updating and comparing for the next 

?ve sequential pairs of digital video ?elds in the 
sequence of digital video ?elds. 

5. The programmable graphics processor of claim 3, 
Wherein at least one of the non-matched ?eld count threshold 
value and the matched ?eld count threshold value is adjust 
able. 

6. The programmable graphics processor of claim 3, 
Wherein at least one of the non-matched ?eld count threshold 
value and the matched ?eld count threshold value is dynami 
cally tuned. 

7. The programmable graphics processor of claim 3, 
Wherein the fragment shader is further con?gured to discard 
one ?eld of the ?ve sequential pairs of digital video ?elds in 
the sequence of digital video ?elds at least partially respon 
sive to the pulldoWn result. 

8. The programmable graphics processor of claim 3, 
Wherein the fragment shader is further con?gured to output 
the ?ve sequential pairs of digital video ?elds in the sequence 
of digital video ?elds at least partially responsive to the pull 
doWn result. 

9. A computing system comprising: 
a host processor; 

a host memory, the host memory storing programs for the 
host processor; 

a system interface con?gured to interface With the host 
processor; 

a video unit con?gured to provide digital video data to the 
system interface; and 

a programmable graphics processor, including: 
a read interface con?gured to read the digital video data 

from a graphics memory; and 
a fragment shader con?gured to evaluate a plurality of 

rates of occurrences of matched and non-matched 
?elds in the digital video data to detect 3:2 pulldoWn 
in the digital video data under control of shader pro 
gram instructions. 

10. The computing system of claim 9, further comprising: 
a display device coupled to the programmable graphics 

processor and con?gured to display at least a portion of 
the digital video data. 

11. The computing system of claim 9, Wherein the host 
memory is con?gured to interface With the system interface. 

12. The computing system of claim 9, Wherein the host 
memory is con?gured to directly interface With the host pro 
cessor. 

13. A computing system comprising: 
a host processor; 

a host memory, the host memory storing programs for the 
host processor; 

a system interface con?gured to interface With the host 
processor; and 

a programmable graphics processor, including: 
a video unit con?gured to provide digital video data to a 

fragment shader; and 
the fragment shader con?gured to evaluate a plurality of 

rates of occurrences of matched and non-matched 
?elds in the digital video data to detect 3:2 pulldoWn 
in the digital video data under control of shader pro 
gram instructions. 
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14. The computing system of claim 13, wherein the host 16. The computing system of claim 13, further comprising: 
memory is con?gured to interface With the system interface. a display device Coupled I0 the programmable graphics 

processor and con?gured to display at least a portion of 
15. The computing system of claim 13, Wherein the host the digital Video data‘ 

memory is con?gured to directly interface With the host pro 
cessor. * * * * * 


